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Introduction
In 2010 the authors approached Phoenix Contact 1 , an international controls company, to become a technology supplier for a grant that they were submitting to NSF. Two years later, when the authors met with their corporate partner, they were asked to become an educational partner with their company and assist them with a high school controls competition that they had started several years earlier. Although the company called their contest a national competition, they acknowledged that it was more of a regional competition at best, given that nearly all of the teams were located near their corporate headquarters.
The Competition
The Nanoline Contest is a high school technology competition that allows student teams to showcase their technical skills in designing and implementing an automation project. While the contest targets high school teams, a few middle school teams have participated over the years. Each team may have no more than six students, each of whom are 18 years or younger. An adult mentor, usually a teacher or business professional, guides the team and serves as the main contact with the sponsoring company.
To apply, each team provides a viable project idea and list of participating team members. Once accepted, the team is provided a starter toolkit. The contents of the toolkit are listed in the next section.
There are three checkpoints for which materials depicting the team's progress are submitted to the sponsoring company. Failure to submit materials by the deadline or failure to meet the progress expectations of the sponsoring company will cause a team to be removed from the Page 26.817.2 remainder of the competition. The schedule for the 2015 competition is available on the corporate website and shared in Table 1 . By the final checkpoint, the projects must be somewhat operational to be invited to their regional competition.
At the national competition, one winning team is selected. Until 2015, the winning team received an all-inclusive, paid trip to the Hanover Fair Automation Show in Hanover Germany. This international trade show is the largest European trade show geared towards manufacturing and automation.
The Competition Toolkit
The toolkit supplied for the competition is provided free of charge to each registered team that submits a viable project idea. The contents of the toolkit are shown in Table 2 . The materials in the toolkit are valued at around $500.00. Additionally, they receive a $200 gift card to purchase related materials for their planned project, such as lumber, electronic components that are not part of the toolkit, and marketing materials. Teams are also encouraged to conduct fund raising activities to garner support from local industry and businesses.
Judging Criteria
The sponsor identifies several categories for judging the projects at the competitions. Some are evaluated on a pass/fail basis, while others are assigned a weight and may receive points up to the maximum weight allotted.
The most important criterion is the team's utilization of the controller itself. In past competitions, teams created very useful and attractive projects that performed well; however, they designed the project to be powered primarily by an alternate controller and used the Nanoline in a secondary or tertiary manner.
Another important criterion is the functionality of the project. Although teams may only qualify to compete if they pass the final checkpoint, there are several weeks that remain before the competition. During that time, the team could introduce problems and cause a working project to fail. Alternatively, the sponsors may have had more confidence in the team's ability to finish the project by the date of the contest, but the team's project ended up being non-functional by the date of the contest.
Other criteria used in judging include the project concept, engineering/design, craftsmanship, teamwork, marketing, and entrepreneurial spirit.
Moving from "National" to National
In 2012, the company invited the authors to help them make the competition more structured and selective by adding a Midwest regional competition that would send their best teams to the national contest. Although the timetable for the national contest was already well underway, the sponsor would have been satisfied if one to two teams could be found from the Midwest Page 26.817.4
regional. Further, if at least four teams could be recruited, they would support an actual regional contest for that competition cycle. Within a week, the authors were able to recruit thirteen teams, so a regional competition was instituted. One or more teams dropped out at each of the checkpoints along the way, but by the time of the regional tournament, four teams still remained. The top two regional teams were selected to compete in the national contest, and both placed in the top five among a pool of nearly twenty teams.
In 2013, the industry partner created their own location as a Northeast regional site. This allowed for up to the top three teams from each of the two regionals to compete in the national contest in February 2014. The Midwest regional began with a pool of 18 teams of which 9 satisfied requirements at all checkpoints to compete in the nationals. Three teams from each regional were selected to compete at the national contest. Figure 1 shows the Midwest national qualifying teams that competed nationally, including the winning national team. 
Future Plans
Immediately after the national contest, the authors met with several Phoenix Contact staff who were involved with the contest. The goal was to identify ways to have enough teams qualify to compete at the regional contests. Some of the suggestions included the following:
1. Conduct a survey to determine the characteristics of mentors of successful teams. Then, particularly for the inexperienced teams, ensure that they have suitable support and/or mentors based on the results of the survey. 2. Modify the schedule to begin the competition earlier.
3. Strongly encourage teams to attend the jump-start workshop. 4. Enhance communication, including clarity on the roles of the various people involved with the contest at each level. 5. Consider developing more video tutorials on various aspects of using toolkit components.
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6. Create and share rubrics for deliverables at each checkpoint. 7. Provide examples of viable projects. 8. Select prizes that would motivate students and teams to seek help when they get stuck rather than dropping out.
Based upon the success of past contests and the impact in engaging student interest in pursuing STEM subjects, the authors and Phoenix Contact staff plan to continue the contest for the foreseeable future.
Conclusion
Competing student teams employed their creativity and technical knowledge to innovate products that addressed the specifications defined by the company. In the process, the students learned more about opportunities to pursue ET fields of study that would enable them to have careers related to the fun experience of the competition. The authors believe this type of competition is a good way to forge strong relationships with a corporate partner while simultaneously sparking student interest in ET. More details about the contest, including updates regarding the status of the current competition, will be shared during the presentation.
